Shipwrecks caused by icing
There have been reports of an increase in the number of shipwrecks and overturn accidents of fishing boats in the area of the Northern Japan Sea and Okhotsk Sea, including the Kuril Islands area during the winter. Since the main cause of these serious accidents is known to be icing on the boats, the problem has come to the attention of meteorologists. The author has carried out an investigation on the problems with the cooperation of the cod-fishing boats and their crew. Since 1960, a series of observations was made over a period of seven winters.
Described in this report is part of the results.
Monthly variation of icing area
Ice accretion on ships varies with seasons, the localities in which they operate, and according to the maritime and meteorological conditions.
In November, the occurrence of icings are limited to the northeast and northwest corners of the Okhotsk Sea. After then, majority of the northern sector of the Okhotsk Sea is covered with packed-ice, suspending all navigations in this area until March.
Let us concentrate to the sea near the Kuril Islands.
Based on the icing reports which were sent from the cod-fishing and herringfishing boats, and some ships from the USSR. Fig. 1 shows the monthly variation of icings during the winters of [1964] [1965] [1966] [1967] . The data shows the area spreading gradually eastward in December, and finally, spreading out to the eastside of the Kuril Islands.
The area which has heavy icing spreads into the Pacific Ocean during the month of January, and the eastern limit is parallel to the Kuril Islands as shown by the heavy solid line. In February, this area extends to the maximum and the eastern limit extending approximately 200 nautical miles east of the Islands. In March, the area begins to withdraw back to the line where the eastern limit was originally located during January.
The spreading and withdrawing of ice within the light-icing area are nearly in accordance with that of the heavy-icing area, and it extends approximately 500 nautical miles east of the Islands during February.
However, in April, occurrence of light icings are limited again, only to the area west of the Kuril Islands.
Cyclones and icing
Occurrence of ship-icings in these areas are usually limited to the rear of a cyclone, because, favorable conditions for ship-icings often appear in an outbreak of cold air. However, the frequency of icings will vary with the developmental stage of a cyclone, as shown by the following studies:
(A) A case of a deepening cyclone. the deeping cyclone observed from the surface map for 0600 GMT, February 20, 1966. In in the rear of the front. Ships in the area were heavily iced and many were nearly capsized.
Presuming that the advection of cold air calculated from isotherms on 850 mb at 1200 GMT, 20 February, 1966 , the cold-air outbreak was found to be as shown, in the heavily dashed line in Fig. 3 . It was occurring to the southeast, passing over the Okhotsk Sea and entering into the Kuril Islands area. The ice accretion on ships all occurred in the region of the southwest quadrant of the cyclone, where the cold air advection was below -18°C . The temperature of the sea's surface, as denoted by the light dashed line associated with icing in the figure, was below 2°C. Icing of ships, the conditions and icing time, are shown by the shaded area of Fig.  3 . Winds : Northwesterly, 40-60 kts ; Wave Height : 3-7 M ; Sea surface temperature : 0-2°C. Weather : cloudy with occasional snowshowers.
It is evident, observing the temperature, that the sea water droplets must have been cooled enough by the air to freeze on contact with the ships. This dangerous cold and stormy weather, is very often brought on by a developing cyclone in the southwest quadrant.
(B) A case of a decaying cyclone On the morning of January 9, 1967, a decaying cyclone, 974 mb, accompanied by an occluded front moving northeastwards, was located The former was in the southwest quadrant of the cyclone, where, strong northerly winds caused rough sea surface conditions and situations similar to that of the deepening cyclone.
The latter was in the northwest quadrant, where, heavy snowfall and winds were reported.
Comparison of conditions between both regions can be made from the following table : Although only two conditions were described, it is clearly visible that the cold wind storm which developes at the southwest quadrant of a well-developed cyclone, is the most frequent representative for ship-icing cases.
In these cases, abundant sea sprays were super-cooled and ready to ice in the air.
Criterion of condition for icing on ships
Since the main cause of ice accretion on ships is the freezing of sea spray as mentioned before, the temperature of air, sea surface water, and the strength of wind will give the criterion of conditions for icing. Based on the icing report from the cod-fishing and USSR ships, the criterion for the icing was reduced to as follows :
Air temperature : As the air temperature falls below 0°C, light icing begins. Heavy icing occurs below -6°C.
Sea surface temperature : Ice accretion occurs everywhere on the sea below 4°C, unless other conditions are extremely unfavorable.
Windwaves : As the wave height exceeds 2 meters (wind force : 4), light icing begins. Table 1 . These shipwrecks occurred generally in the southwest quadrant of the developing cyclones, whose central pressures were lower than 990 mb.
The distance between shipwrecks and cyclone centers were reviewed.
(see Figs. 6 and 7.) A tendency to increase towards the ending of the winter, was found to be with the distance relative to the cyclone center.
The distance in the first half of the winter averages 500 nautical miles, but during the latter half, the average distance increases to 800 nautical miles with the maximum distance being approximately 1,300 nautical miles. The reason being considered for this phenomena is in the cold air coming from the area 
